INTRODUCTION Pneumonia is associated with considerable mortality. However, there is limited information on agespecific prognostic factors for death from pneumonia.
INTRODUCTION
Community-acquired pneumonia (CAP), the most common infectious disease worldwide, is associated with considerable morbidity and mortality. It has a particularly high incidence and mortality rate among elderly people.
(1-7) Young and middleaged patients (aged < 65 years) die from CAP as well, although the incidence rate is low. (8, 9) Many studies have examined the predictive risk factors of CAP mortality in adults. (10) (11) (12) (13) Increasing age, male gender, comorbidities and multilobar consolidation are often of prognostic significance. (14) (15) (16) (17) However, patients of different ages have distinct physiological characteristics, clinical presentations and treatment responses, and therefore age groupspecific prognostic factors of mortality may be more useful for the clinical management of pneumonia.
The Pneumonia Severity Index (PSI) and CURB-65 (confusion, uraemia, respiratory rate ≥ 30 per minute, low blood pressure, age ≥ 65 years) are the most commonly used clinical scoring tools for severity assessment and mortality prediction of pneumonia. (10, (18) (19) (20) (21) (22) (23) Higher scores generally suggest more severe diseases and higher risk of death. The performance of these severity scoring tools, however, varies among subsets of patients of different ages. Underestimation of the risk of death with increasing age has often been reported. (24) (25) (26) Pneumonia represents a significant healthcare issue in Singapore. It is the fifth most common cause of hospitalisation and the second principal cause of death. (27) In 2014, pneumonia was the underlying cause that was responsible for approximately 19% of all deaths reported in the country. (28) In the present study, we retrospectively analysed all admitted patients with CAP from three age groups (ages 18-64 years, 65-84 years and ≥ 85 years) to identify prognostic factors for mortality when they presented to the emergency department (ED). We also evaluated the performance of PSI and CURB-65 for mortality prediction among patients with CAP in Singapore.
METHODS
The study was performed at Singapore General Hospital, Singapore, a large tertiary hospital with more than 1,500 beds. All patients admitted to the hospital after presenting to the ED with a primary diagnosis of pneumonia between 1 January 2012 and 31 December 2013 were included for chart review. Patients were considered to have a primary diagnosis of pneumonia if they had an ICD-9-CM (International Classification of Diseases, 9th revision, Clinical Modification) code of 480.x to 487.x. Patients were stratified into three age groups: 18-64 years, 65-84 years Prognostic factors for mortality due to pneumonia among adults from different age groups in Singapore and mortality predictions based on PSI and CURB-65 and ≥ 85 years. Ethical approval and waiver of informed consent was obtained from the SingHealth Centralised Institutional Review Board (2014/226/A). This study was funded by the SingHealth Foundation Research Grant (SHF/FG590S/2013). The 30-day mortality data was provided by the National Registry of Disease Office, Health Promotion Board, Singapore.
Pneumonia was defined as an acute infection of the lung parenchyma that is characterised by symptoms of acute respiratory infection and the presence of an acute pulmonary infiltrate on chest radiography or abnormal auscultatory findings. (29) Patients who had human immunodeficiency virus infection, pulmonary tuberculosis or cystic fibrosis, or those on long-term immunosuppressant or steroid treatment were excluded, in view that these diseases entailed varying progression, clinical management and prognosis.
A total of 27 prognostic factors were evaluated. Among them, 20 variables were derived from the PSI scoring tool developed by Fine et al, (10) including demographic factors (e.g. age and gender), comorbidities (e.g. malignancy, renal disease, liver disease, cerebrovascular disease and congestive heart disease), initial vital signs (e.g. altered mental status [AMS], temperature, pulse rate, respiratory rate and systolic blood pressure), laboratory test results (e.g. levels of blood urea nitrogen [BUN] , blood glucose, serum sodium, haematocrit, blood oxygen and arterial pH) and chest radiography findings (e.g. pleural effusion). In addition, eight other common chronic illnesses in the Singapore local population were evaluated, including ischaemic heart disease, chronic obstructive pulmonary disease, diabetes mellitus, hypertension, asthma, bronchiectasis, Parkinson's disease and dementia. (30) Data on initial vital signs, laboratory test results and chest radiography findings were from the first readings taken in the ED.
The indices of PSI and CURB-65 were calculated according to the original studies. (10, 19) The primary outcome was all-cause mortality at 30 days after admission to the hospital. Data on intensive care unit admission and hospital length of stay was also recorded. Categorical variables were expressed as counts (percentage). Continuous variables were expressed as mean ± standard deviation or median with 25th-75th interquartile range (IQR).
Differences in frequencies were compared using chi-square test. Mann-Whitney U test or Kruskal-Wallis test was used to assess any differences in continuous variables that were not normally distributed. To evaluate the potential prognostic factors associated with mortality, univariate analysis was first performed using the chi-square test. Factors with p < 0.05 were included into the multivariate logistic regression model. The goodnessof-fit was tested using Hosmer-Lemeshow goodness-of-fit test. Odds ratios (ORs) and 95% confidence intervals (CIs) were presented. Factors with event frequency < 1.5% were excluded from the analysis. Standard sensitivity, specificity, positive predictive value and negative predictive value were calculated at various cut-offs for the PSI and CURB-65 scores. Receiver operating characteristic (ROC) curve analysis was performed to evaluate the discriminatory power of PSI and CURB-65 for mortality prediction. Area under the curve (AUC) with 95% CI was computed for each age group of patients. All statistical tests were two-tailed and p < 0.05 was considered to be statistically significant. All analyses were performed using IBM SPSS Statistics version 20 for Windows (IBM Corp, Armonk, NY, USA).
RESULTS
Baseline characteristics and clinical outcomes of patients across the three age groups are summarised in Table I . A total of 1,902 patients satisfied the study criteria, including 614 (32.3%) patients aged 18-64 years, 944 (49.6%) patients aged 65-84 years and 344 (18.1%) patients aged ≥ 85 years. The overall 30-day mortality rate was 15.7% (n = 299), comprising 85.3% in-hospital deaths and 14.7% post-discharge deaths. Individual mortality rates for the three age groups were 7.3%, 16.1% and 29.7%, respectively, for patients aged 18-64 years, 65-84 years and ≥ 85 years (p < 0.001). Most of the evaluated comorbidities were less common among younger patients (aged 18-64 years), but had similar prevalence among patients aged 65-84 years and ≥ 85 years. Liver disease was rare in our cohort (1.1%). In terms of clinical presentation and laboratory test results, patients aged 65-84 years and ≥ 85 years more frequently had AMS, respiratory rate ≥ 30/minute, and abnormal BUN, serum sodium and haematocrit levels at the time of ED admission. They also stayed significantly longer in hospital. The younger patients more frequently presented with tachycardia (pulse rate ≥ 125/minute).
The association between prognostic factors and mortality were evaluated among the three age groups of patients (Tables II-IV) . For patients aged 18-64 years, liver disease, Parkinson's disease and dementia, chronic obstructive pulmonary disease and AMS were excluded from the analysis because of low event frequencies. Eight factors with p < 0.05 on univariate analysis were included in the multivariate logistic regression model. Malignancy and tachycardia showed an independent association with mortality, with ORs of 8.1 (IQR 4.0-16.6) and 4.3 (IQR 2.0-9.3), respectively (Table II) . Among patients aged 65-84 years, 13 factors had p < 0.05 on the chi-square test and were subsequently included in the multivariate logistic regression analysis. 11 of these factors showed a significant association with mortality, including male gender, malignancy, congestive heart failure, AMS, tachycardia, respiratory rate ≥ 30 per minute, BUN ≥ 11 mmol/L, serum sodium < 130 mmol/L, hypoxaemia, arterial pH < 7.35 and pleural effusion (Table III) . AMS (OR 3.3, 95% CI 1.4-7.7), tachycardia (OR 3.2, 95% CI 1.8-5.6) and arterial pH < 7.35 (OR 3.4, 95% CI 1.8-6.5) ranked among the top three factors showing a significant association with mortality. Among patients aged ≥ 85 years, no comorbidities significantly increased the risk of death (Table IV) . Asthma, however, showed a negative association with mortality among this group of patients (OR 0.1, 95% CI 0.03-0.98; p = 0.047). Age, AMS (OR 6.1, 95% CI 2.1-17.3), tachycardia, BUN ≥ 11 mmol/L, hypoxaemia, arterial pH < 7.35 and pleural effusion were independently associated with mortality in the final multivariate logistic regression analysis.
When patients were stratified into different severity classes according to PSI and CURB-65 scores, the mortality rates increased significantly with increasing severity levels ( Table V) .
However, the 30-day mortality of PSI Class III among patients aged 18-64 years was significantly higher than that in the other two age groups (18-64 years: 7.5%; 65-84 years: 2.1%; ≥ 85 years: 2.6%, p < 0.001). Patients with CURB-65 score 1 had 30-day mortality rates in the range 8.9%-14.1%.
The sensitivity, specificity, positive predictive value and negative predictive value of PSI and CURB-65 for predicting 30-day mortality for each age group are shown in Table VI . In general, PSI was more sensitive than CURB-65 for mortality prediction among patients with CAP. Among patients aged 18-64 years, the sensitivity of PSI had a big drop from 100% to 80% at the Class IV cut-off, whereas it remained at 97% and 99%, respectively, in the other two patient groups. ROC curve analysis revealed a trend of decreasing accuracy in relation to higher age categories for both PSI and CURB-65 (Fig. 1) . The AUC of PSI appeared higher than that of CURB-65 in each age group.
DISCUSSION
In this study, we defined predictive risk factors for mortality in three age-specific groups of patients with pneumonia in Singapore. Among patients aged 18-64 years, malignancy and tachycardia (pulse rate ≥ 125 per minute) were significantly associated with mortality. A total of 11 factors were prognostic for mortality among patients aged 65-84 years, including malignancy, congestive Univariate analysis was performed to assess the association between each individual prognostic factor and mortality. Factors with p < 0.05 were included in the binary logistic regression model. Hosmer-Lemeshow goodness-of-fit test, χ 2 = 2.2, df = 4, p = 0.696. *Data presented as median (interquartile range). †Difference in age was examined using Mann-Whitney U test and difference in frequencies was examined using chi-square test. CI: confidence interval; COPD: chronic obstructive pulmonary disease; OR: odds ratio; PaO 2 : arterial partial pressure of oxygen; SaO 2 : blood oxygen saturation heart failure, male gender and eight other parameters reflecting initial vital signs and abnormal laboratory results. For patients aged ≥ 85 years, age, initial vital signs and abnormal laboratory test results were critical for mortality prediction. Increasing age has been defined as a predictive factor for mortality in pneumonia patients in many studies, especially among patients aged 65 years or older. (10, 19, 31) In our study, age significantly increased the risk of death only among patients aged ≥ 85 years. Conte et al, who analysed more than 2,000 patients aged ≥ 65 years, suggested that age ≥ 85 years was an independent predictive factor for mortality. (32) Calle et al reported that age ≥ 90 years was markedly associated with mortality. (33) Ageing is associated with a progressively weakened immune system and decreased lung performance. For patients of extreme age (≥ 85 years in our study), these changes alone are probably drastic, which independently increases the risk of death due to pneumonia.
Comorbid condition is another well-recognised risk factor for death due to pneumonia. (8, 34) Fine et al have defined the significant prognostic value of five types of chronic illnesses as per PSI among patients of all ages, including malignancy, liver disease, renal disease, congestive heart failure and cerebrovascular disease.
(10) Marrie et al studied over 11,000 Canadian patients aged 18-55 years and depicted a similar spectrum of chronic illnesses associated with pneumonia death. (34) Among the 13 comorbidities evaluated in this study, only malignancy and congestive heart failure were significantly predictive of mortality among patients aged 18-64 years and/or 65-84 years. Most of the chronic diseases studied were common among patients aged ≥ 85 years. However, none were independently associated with greater mortality. It is known that the prognosis of a disease in elderly people is often determined by the patient's overall health status. (14, 35, 36) It is very likely that coexisting chronic diseases work in a synergic manner, affecting patients' general health condition Univariate analysis was performed to assess the association between each individual prognostic factor and mortality. Factors with p < 0.05 were included in the binary logistic regression model. Hosmer-Lemeshow goodness-of-fit test, χ 2 = 3.2, df = 8, p = 0.922. *Data presented as median (interquartile range). †Difference in age was examined using Mann-Whitney U test and difference in frequencies was examined using chi-square test. CI: confidence interval; COPD: chronic obstructive pulmonary disease; OR: odds ratio; PaO 2 : arterial partial pressure of oxygen; SaO 2 : blood oxygen saturation and increasing the severity of disease and the mortality rate, although they are not independently associated with death. We also noticed the increasing trend of malignancy, Parkinson's disease and dementia, and chronic obstructive pulmonary disease among the non-survivors aged ≥ 85 years in our study. A study with a larger sample size would give a more definite conclusion.
In particular, asthma showed a negative association with mortality among patients with pneumonia aged ≥ 85 years. Asthma is a known risk factor of pneumonia. (37) Asthmatic patients with CAP have been reported to present earlier to the hospital, are more often given antibiotic treatment before hospital admission, and generally have low CAP severity. (38, 39) All these may indicate that these patients are more aware of respiratory problems, even when symptoms are mild, and actively seek medical care earlier during the course of disease. In contrast, non-asthmatic elderly patients may not be aware of the symptoms of CAP as early as asthmatics, causing a subsequent delay in diagnosis, admission and treatment, thus resulting in higher mortality.
Initial vital signs and the results of basic laboratory tests and chest radiography are critical information that is required for clinicians to rapidly understand patients' health condition, in particular the severity of acute illness and how well the body copes with it. In this study, AMS, increased BUN, hypoxaemia and pleural effusion were significantly associated with mortality among patients aged 65-84 years and ≥ 85 years, which was consistent with the findings of Fine et al. (10) The non-survivors among patients aged 18-64 years also more frequently had increased BUN, hypoxaemia and pleural effusion, but the difference did not reach statistical significance.
Young patients rarely presented with AMS. However, AMS appeared to be a strong predictor for mortality among the two older patient groups, increasing the risk of death by 3.3 and 6.1 times, respectively. Infection has been reported as one of Univariate analysis was performed to assess the association between each individual prognostic factor and mortality. Factors with p < 0.05 were included in the binary logistic regression model. Hosmer-Lemeshow goodness-of-fit test, χ 2 = 9.4, df = 8, p = 0.31. *Data presented as median (interquartile range). †Difference in age was examined using Mann-Whitney U test and difference in frequencies was assessed using chi-square test. CI: confidence interval; COPD: chronic obstructive pulmonary disease; OR: odds ratio; PaO 2 : arterial partial pressure of oxygen; SaO 2 : blood oxygen saturation the commonest causes for AMS in the ED. One in nine elderly patients presenting with AMS are reported to die during their hospital stay. (40) Therefore, timely diagnosis and intervention is critical. Accurate assessment, however, can be challenging when the change of mental status is subtle and the patients are very elderly. (41) Tachycardia and acidosis (arterial pH < 7.35) were independently associated with mortality among all three patient groups. Although tachycardia is usually a nonspecific clinical presentation that can be influenced by many factors, it is associated with the severity of pneumonia and often appears ahead of other severe clinical presentations. (10, 42, 43) Physicians probably need to be alert to the occurrence of tachycardia in patients with pneumonia, and close monitoring and aggressive clinical management may be necessary. Acidosis is usually associated with central nervous system malfunctions, with patients likely to become disoriented or comatose; therefore, acute treatment is critical.
PSI and CURB-65 are the most well-validated risk prediction models of CAP. PSI performs better than CURB-65 among patients in Singapore. (44) In our study, PSI was more accurate than CURB-65 for severity stratification. However, it was worth noting that PSI Class III, which was defined as a low-risk class of death in the original study, (10) unexpectedly had a mortality rate of 7.5% among patients aged 18-64 years in our study. Other researchers have also reported that PSI could incorrectly categorise young ≥ I  100  0  7  ---------≥ II  100  30  10  100  100  0  16  -100  0  30  -≥ III  100  56  15  100  100  10  18  100  100  0  30  100   ≥ IV  80  77  22  98  97  40  24  98  99  16  33  97   ≥ V  20  96  27  94  49  86  40  90  59  75  50  81   CURB-65  score   ≥ 0  100  0  7  -100  0  16  -----≥ 1  76  65  15  97  100  0  16  100  100  0  30  -≥ 2  38  91  24  95  79  42  21  91  88  30  35  86   ≥ 3  11  97  21  93  60  17  12  68  43  74  41  76   ≥ 4  0  99  0  93  11  97  40  85  13  96  59  72   ≥ 5  0  100  0  93  3  100  80  84  3  100  100  71 CURB-65: confusion, uraemia, respiratory rate ≥ 30 per minute, low blood pressure, age ≥ 65 years; NPV: negative predictive value; PPV: positive predictive value; PSI: Pneumonia Severity Index patients with severe pneumonia into low-risk classes due to the inappropriate weight accorded to age. (25, 45) The ROC analysis in our study revealed that the best PSI cut-off score for mortality prediction was about 85-90 for younger patients, which was equivalent to PSI Class III (data not shown). Therefore, taking PSI Class III as a low-risk class of death may not be appropriate for the younger patient groups. On the contrary, elderly patients in the low PSI severity classes would most likely survive within 30 days of admission. This was demonstrated in a recent study conducted among a group of patients with healthcare-associated pneumonia and a median age of 80 years. (46) As to mortality prediction, PSI showed higher sensitivity than CURB-65 for every age group. However, its power of discrimination decreased with advancing age. Chen et al have reported similar findings and believed that the excessive weight given to a patient's age leads to overestimation of disease severity among elderly patients with pneumonia. (25) High hospital admission rate and high mortality rate are the two major characteristics of CAP in Singapore. (44) In our study, over 85% of death among patients with pneumonia occurred in hospital. Therefore, the medical care these patients receive in hospital is one of the critical factors that is closely associated with their final clinical outcome. As the prognostic factors evaluated here are all readily available when patients visit EDs, clear awareness of these factors and understanding of their predictive value would help physicians to predict the clinical outcome and customise the medical care being provided. For younger patients aged 18-64 years, malignancy stood out as a strong predictive factor for mortality, as it increased the odds of death by 8.1 times. These findings suggest that close monitoring and intensive clinical intervention are most likely indispensable, even if the PSI severity level is not high. For patients aged ≥ 85 years, severity in the acute phase of the disease was strongly associated with mortality. Elderly patients with pneumonia may clinically present only with delirium or acute confusion instead of respiratory signs or symptoms. However, a change of mental state is critical in forecasting the high risk of death not long after. Physicians probably need to explain and discuss the potential adverse outcome with family members while tailoring medical treatment and clinical management strategies.
This study had several limitations. First, it had a retrospective design. We extracted pre-existing data from patients' case notes, which might not be as accurate as data collected prospectively by means of direct interview or questionnaire. Second, we were unable to assess the variables that were not available in the medical records, even though they might have been important to the study. Third, our study may have been underpowered with regard to the detection of some associations due to the inadequacy of sample size for subgroup analyses.
In conclusion, the risk factors for mortality in pneumonia patients were not the same across different age groups. PSI was more accurate for mortality prediction than CURB-65. However, its discriminative power decreased with advancing age among patients with pneumonia.
